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IDENTIFICATION OF THE YOUNGEST METEORITES AND A DISCUSSION OF THE 
POSSIBILITY THAT THEY CAME FROM MARS. J o h n  H, J o n e s .  ".unar and  P l a n e t a r y  
Laboratory,  U n i v e r s i t y  sL' Arizona, Tucson, AZ 85721. 
The s h e r g o t t i t e s  are a grocp of basaltic meteorites whfch are very eimi- 
lar i n  appearance t o  terrestrial  bssslts. On the  Za r th  basalts are formed by 
volcanic  a c t i v i t y ;  f o r  example, b a e r l t  is  t he  primary c o n s t i t u e n t  of v o l c a n i c  
i s l a n d s  such as Hawaii. Thus, t h e  Ahergo t t i t c s  appear t o  be the  products  of 
igneous (Le., vo lcan ic )  acti  v :  t y  from a plan; - crt a s t e r o i d  i n  ano the r  p a r t  o l  
our  Eolar system. 
decause the  s h e r g o t t i t e s  so r ebenb le  terrestr ia l  basalts and because they 
are appa ren t ly  very young (<1.3 - b i l l i o n  years),  i t  has  been i n f e r r e d  t h a t  they 
come from a l a r g e  F lanec .  S m a l l  p l a n e t s  and a s t e r o i d s  l o s e  h e a t  f rom t h e i r  
i n t e r i o r s  q u i c k l y  and s t o p  p r o d u c i n g  h o t  b a s a l t i c  1 i q u . d s  e a r l y  i n  t h e i r  
h i s to rv .  The Earth's Moon, f o r  example, began t o  s t o p  producing basolts about 
t h r e e  b i l l i o n  y e a r s  ago - a t  least two b i l l i o n  years  before  the  s h e r g o t t i t e s  
were formed. The in fe reuce ,  t he re fo re ,  I s  t h a t  the s h e r g o t t i t e s  bad t o  come 
from a l a r g e  p l a n e t  s u c h  as  Venus or i l a r s .  F u r t h e r :  i t  a p p e a r s  t h a t  gast?e 
t r a p p e d  i n  one s h e r g o t t i t e  found i n  A n t a r c t i c a  (EETA 79001) are  c h e m i c a l l ;  
similar t o  t h e  martian atmosphere (as measured by t h e  ViLin, mission). These 
obse rva t ions  have l e d  t o  the e x c i t i n g  and c o n t r o v e r s i a l  specu la t ion  t h a t  the 
s h e r g o t t i t e s  are samples of Mars. 
I n  t h i s  con tex t ,  t h e  time t h a t  the s h e r g o t t i t e s  c r y s t a l l i z e d  from basal- 
t i c  l i q u i d s  is p a r t i c u l a r l y  important.  The younger the c r y s t a l l i z a t i o n  age, 
t h e  more p r o b a b l e  i t  is t h a t  t h e  a h e r g o t t i t e s  came from Mars. The coaven-  
t i o n a l  i n t e r p r e t a t i o n  is t h a t  t he  s h e r g o t t i c e s  c r y s t a l l i z e d  1.3 b i l l i o n  y e a r s  
ago and t h a t  a meteor impact e j e c t e d  them frcm t h e i r  parent body (Mare?: 180 
m i l l i o n  yea r s  ago - 1.1 b i l l i o n  yea r s  later. I f  t h i s  i 2 t e r p r e t a t i o n  is incor-  
rect  t h e  m a r t l a n - o r i g i n  h y p o t h e s i s  is e i t h e r  s t r e n g t h e n e d  dr weakened, de 
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pending  on w h e t h e r  t h e  1.3 b.y. c r y s t a l l i z a t i o n  age  is  t o o  o l d  o r  t o o  young, 
r e spec t ive1  y 
The t ime of e j e c t i o n  from t h e  S h e r g o t t i t e  P a r e n t  Body (SPB) a l l u d e d  t o  
e a r l i e r  (180 m.y.) i s  based  on t h e  age  of a r a d i o a c t i v e  “c lock”  i n  t h e  
s h e r g a t t i t e s  ( i n  t h i s  case t h e  r u b i d i u m - s t r o n t i u m  c h r o n o m e t e r )  and t h e  
a s s u m p t i o n  t h a t  t h i s  c l o c k  was reset by t h e  shock  e v e n t  t h z t  e j e c t e d  t h e s e  
me teo r i t e s  from the  SPB and i n t o  space. The m l y  way t h a t  such a r a d i o a c t i v e  
c l o c k  can  be reset is i f  t h e  d i f f e r e r t  m i n e r a l s  w i t h i n  a rock  c h e m i c a l l y  
communicate w i t h  each other .  The most probable means cE achieving t h i s  com- 
m u n i c a t i o n  th rough  a shock  p r o c e s s  is i f  t h e  s h o c k  h e a t s  t h e  rock.  A t  h i g h  
temperature  the  chemical  e lements  i n  the  minera ls  of the  rock can d i f f u s e  and 
migrate  through the rock; communication is achieved; and the  clock is reset. 
The chemical and phys ica l  c h a r a c t e r i s t i c s  of the s h e r g o t t i t e s  themselves 
belie the  convent ional  chronology. It is d i f f i c u l t  t o  imagine t h a t  t h e r e  can 
be e x c e l l e n t  communica t ion  be tween m i n e r a l s  i f  t he re  is poor communication 
wi th in  a mineral .  Y e t  t h e  s h e r g o t t i t e  mine ra l s  are not  chemical ly  uniform but 
r e t a i n  chemical v a r i a t i o n s  which shock hea t ing  has not homogenized. I f  shock 
ha6 not erased chemical zoning, t5en t h e  rubidium-strontium c lock  has  not been 
r e s e t  acd t h e  180 m.y. a g e  m u s t  be an i g n e o u s  c r y s t a l l i z a t i o n  age.  The 
s h e r g o L t i t e s  are a p p a r e n t l y  ve ry  young - t h e  y o u n g e s t  m e t e o r i t e s  y e t  d i s -  
covered by far .  
The i m p l i c a t i o n s  of such  a young c r y s t a l l i z a t i o n  age  are r a t h e r  f a r -  
reaching. (1) As was discussed earlier, t h e  SPB must have been a r a t h e r  l a r g e  
body f o r  b a s a l t  p r o d u c t i o n  t o  have c o n t i n u e d  f o r  so l ong  - s u p p o r t t n g  t h e  
mart izn-or igln hypothesis.  The term cont lnuea is chosen wi th  some ca-e. The 
s h e r g o t t i r e s  are  c l o s e l y  r e l a t e d  t o  o t h e r  m e t e o r i t e s ,  t h e  n a k h l i t e s  and 
C h a s s i g n y  ( t o g e t h e r  w i t h  t h e  s h e r g o t t i t e s  c o m p r i s i n g  t h e  SNC s u i t e )  wh ich  
c l e a r l y  c r y s t a l l i z e d  1.3 b.y. ago. F u r t h e r ,  bo th  t h e  s h e r g o t t i t e s  and t h e  
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n a k h l i t e s  show evidence of t he re  having been igneous a c t i v i t y  very e a r l y  i n  
the h i s t o r y  of t h e  SPB. Thus, t h e  SPB appears  to  have been producing b a s a l t s  
t h r o u g h o u t  i t s  h i s t o r y ,  and,  t h e r e f o r e ,  t h e  s h e r g o t t i t e s  are not  l i k e l y  t o  
have been proCuced by a raadom event such 88 a meteor impact. 
(2)  I f  Mars is t h e  SPB, t h e  extremely young age  of t h e  s h e r g o t t i t e s  
p l a c e s  s e v e r e  r e s t r i c t i o n s  on t h e i r  p o i n t  of o r i g i n .  The o n l y  area of Mars 
which could be young enough (based on the dens i ty  of impact craters) t o  have 
produced the  s h e r g o t t i t e s  is t h e  Tha r s i s  region, the l o c a t i o n  of t he  enormous, 
young E a r t i a n  v o l c a n o e s  such  as Olympus Mons. The younges t  p o r t i o n s  of 
Thars i s ,  those  near  Olympus Mons and Arsia Mons are about t h e  same age as t h a t  
i n f e r r e d  fo r  t he  s h e r g o t t i t e s  - 100-300 m.y. 
(3) The most v i a b l e  means of e j e c t i n g  samples f rom Mars is  by m e t e o r  
impact. It appears  t h a t  an approximately 30 k i lome te r  crater is necessary to  
e jec t  1 meter f r a g m e n t s  r a p i d l y  enough so t h a t  t h e s e  f r a g m e n t s  e s c a p e  t h e  
planet.  S ince  no young, f r e s h  craters i n  the Tha r s i s  region are g r e a t e r  than 
30km i n  diameter ,  then, I f  t he  s h e r g o t t i t e s  are martian, they must have been 
e j e c t e d  as small ( < l m )  fragments.  
(4) When o b j e c t s  f l o a t  i n  s p a c e  t h e y  are o f t e n  s t r u c k  by h i g h  e n e r g y  
p a r t i c l e s  c a l l e d  cosmic rays. These cosmic rays  induce 'nuc lear  r e a c t i o n s  so 
t h a t  by t h e  time meteo r i t e s  f a l l  t o  Ea r th  they are very  s l i g h t l y  rad ioac t ive .  
This r a d i o a c t i v i t y  can be used t o  measure haw long an ob jec t  has  been exposed 
t o  cosmic rays. I n  the  case of the  s h e r g o t t i t e s ,  because they were e j e c t e d  as 
small fragments,  t h e  cosmic ray exposure age probably r e p r e s e n t s  t h e  t i m e  t h a t  
t h e  s h e r g o t t i t e s  f lob ted  In apace. Thus, the  cosmic r ay  exposure age may w e l l  
r epresent  t he  time of e j e c t i o n  from t h e  SPB. 
( 5 )  The cosmic ray exposure ages of the  s h e r g o t t i t e s  appear t o  f a l l  i n t o  
two groups (-O.5m.y. and -2m.y.). Unless it  is poss ib l e  t o  ejecr l a r g e  010m) 
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o b j e c t s  from 3Qkm craters (so t h a t  the  i n t e r i o r s  are sh ie lded  and pro tec ted  
f rom c o s m i c  rays) ,  i t  a p p e a r s  t h a t - l a r g e ,  f r e s h  craters are  r e q u i r e d  i n  
t h e  Tha r s i s  region f o r  the  s h e r g o t t i t e s  t o  come from Mars. Pre l iminary  in- 
s p e c t i o n  of t h e  Viking o r b i t e r  images d o e s  show two s u c h  craters  (25km and 
27km diameter )  i n  t h e  region northwest  of Olympus Mons, hut t h i s  observa t ion  
should be i n t e r p r e t e d  with care s i n c e  high r e s o l u t i o n  images of t hese  craters 
are not a v a i l a b l e  and t h e i r  f reshness  is thus d isputab le .  An added concern is 
t h a t ,  two l a r g e ,  p r o x i m a l  c r a t e r i n g  even t ;  i n  <5m.y. i m p l y  e x t r e m e l y  h i g h  
c r a t e r i n g  rates. Thus, the  presence of two large craters wi th in  1200km of the  
summit of Olyapus Mons is c o n s i s t e n t  wi th  t h e  age x e l a t i o n s  discussed Jbom 
but  is not cocc lus ive  support. 
( 6 )  I n t e r e s t i n g l y ,  i f  t h e  a g e s  of t h e  s h e r g o t t i t e s  i n f e r r e d  above  are 
c o r r e c t ,  the much-discussed "oblique impact" crater near C aunius Tholus is 
probably not the  source of t he  s h e r g o t t i t e s .  Even though it is a l a r g e  crater 
in (or near)  young t e r r a i n ,  rhe obl ique  impact crater is cut  by a channel and 
does not appear  fresh.  
Summarizing, It appears,  h e e d  on t he  p re sen t ly  a v a i l a b l e  data, t h a t  t he  
s h e r g o t t i t e s  are e x t r e m e l y  young, 180 m i l l i o n  y e a r s  o l d  - t h e  y o u n g e s t  
me teo r i t e s  y e t  discovered. This  observa t ion  s t r eng thens  'arguments t h a t  these  
i n t e r e s t i n g  o b j e c t s  come from Mars. I f  the s h e r g o t t i t e s  did come from Mars, 
they  must have come from the  youngest Tha r s i s  t e r r a i n .  
